IMAGE SENSING APPARATUS 

This application is based on Japanese patent 
application No. 2003-154833 filed on May 30, 2003, 
the contents of which are hereby incorporated by 
references . 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates to an image sensing 

apparatus, such as a digital camera and digital video 
camera, which can correct a shake thereof. 

2. Description of the Related Art 

[0002] There has been known a mechanism provided in 

an image sensing apparatus such as a camera which can 
correct a shake of the apparatus resulting from a 
photographer. The conventional shake correcting 

mechanism includes a gyro as an example of shake 
detection sensors. The image sensing apparatus 

provided with such a shake correcting mechanism where 
an angular velocity of a shake of the image sensing 
apparatus is detected by the gyro , a shake amount of 
the image sensing apparatus is calculated based on the 
detected angular velocity, and a moving amount of an 
image sensor or a shake correction optical system is 
calculated based on the calculated shake amount so as 



to move the image sensor or the shake correction 
optical system depending on the calculated moving 
amount to thereby correct the shake of the image 
sensing apparatus . 

[0003] A gyro is a device incorporated with a 

piezoelectric clement. The incorporated piezoelectric 
element is oscillated when a voltage is applied thereto. 
A symmetrical property of the piezoelectric element 
with respect to an axis of oscillation is collapsed by 
Coriolis action which acts on the piezoelectric element 
at a right angle to the direction of oscillation when 
an angular velocity is applied to the oscillating 
piezoelectric element. As a result of collapse of the 
symmetrical property, a distortion is generated in the 
oscillating piezoelectric element, and electric charges 
are generated therefrom. The gyro measures the angular 
velocity in terms of the generated electric charges. 
[0004] The output voltage or detection sensitivity 

outputted from the gyro provided with the piezoelectric 
element has a dependency on a temperature 
characteristic inherent to the material composing the 
piezoelectric element. Accordingly, in the case of 
performing shake correction with use of a gyro, it is 
necessary to perform temperature correction considering 
the temperature characteristic of the piezoelectric 



element to secure the detection sensitivity of the gyro 
[0005] One approach to perform temperature 

correction taking into consideration of a temperature 
characteristic of a piezoelectric element is to provide 
a resistor for temperature correction so as to correct 
a measurement error resulting from a change in 
temperature, as disclosed in Japanese Unexamined Patent 
Publication No. 11-344344, 

[0006] Shakes in an image sensing apparatus such as 

a camera are generated primarily at the time when a 
photographer depresses a shutter release button of the 
apparatus. Accordingly, shakes in pitch direction are 
generally larger than those in yaw direction of the 
apparatus . 

[0007] In view of the above, a conventional image 

sensing apparatus has been designed to improve 
measurement precision of the gyro by increasing the 
number of samplings per unit time of shake detection in 
pitch direction compared with the number of samplings 
per unit time of shake detection in yaw direction, as 
disclosed in Japanese Unexamined Patent Publication No. 
2001-290183 . 

[0008] In the former publication, however, since the 

resistor is additionally provided in the gyro to 
correct a measurement error resulting from a 



temperature change, a production cost rise concerning 
the gyro is inevitable. 

[0009] In the latter publication, a change in the 

number of samplings per unit time between shake 
detections in yaw direction and in pitch direction 
necessitates a change in sampling frequency between the 
shake detections in yaw direction and in pitch 
direction, which makes the circuit configuration of the 
gyro complicated. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to 

provide an image sensing apparatus which is free from 
the problems residing in the prior art. 

[0011] It is another object of the invention to 

provide an image sensing apparatus which enables to 
correct shakes of the apparatus at a low cost and with 
high precision. 

[0012] According to an aspect of the invention, an 

image sensing apparatus comprises a first shake 
detector which detects a shake of the image sensing 
apparatus in a first direction, a second shake detector 
which detects a shake of the image sensing apparatus in 
a second direction, the second shake detector having a 
detection characteristic different from that of the 
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first shake detector, and a shake corrector which 
corrects a shake of the image sensing apparatus based 
on outputs from the first shake detector and the second 
shake detector. 

[0013] These and other objects, features and 

advantages of the present invention will become more 
apparent upon a reading of the following detailed 
description and accompanying drawing . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a diagram showing an external 

appearance of a camera having a shake correction 
function in accordance with an embodiment of the 
invention, showing primary components of the camera; 
[0015] FIG. 2 is a block diagram schematically 

showing an arrangement of the camera shown in FIG. 1; 
[0016] FIG. 3 is a diagram schematically showing an 

arrangement of a shake correction optical assembly 
provided in the camera; 

[0017] FIG. 4 is a block diagram showing a 

configuration of a controlling circuit and its 
peripheral circuits of the camera; 

[0018] FIG. 5 is a graph showing an exemplary 

characteristic of an output voltage in a driving system 
of the camera in preparing a voltage lookup table; 



[0019] FIG. 6 is a circuit diagram showing a driving 

circuit of the camera; 

[0020] FIG. 7A is a table showing a relationship 

between a voltage to be applied to a control terminal, 
and a direction of applied voltage to an 
electrical /mechanical converting element ; 
[0021] FIGS. 7B through 7D are diagrams showing a 

driving circuit used in the camera, specifically showing 
various control states in an H-bridge circuit when a 
drive voltage is applied to an electrical/mechanical 
converting element ; 

[0022] FIGS. 8A and 8B are diagrams showing 

respective relationships between voltage Vpx to be 
applied to an X-direction drive actuator, PWM pulse Xpwm 
for driving the X-direction drive actuator, and an 
applied voltage to be actually applied to the 
electrical/mechanical converting element ; 

[0023] FIGS. 9A and 9B are diagrams explaining a 

temperature-dependent sensitivity variation of a gyro 
provided in the camera; 

[0024] FIGS. 10A and 10B are diagrams explaining a 

temperature-dependent sensitivity variation of a gyro 
different from the gyro in FIGS. 9A and 9B in channel; 
[0025] FIGS. 11A and 11B are diagrams explaining a 

temperature-dependent sensitivity variation of a gyro 



different from the gyro in FIGS. 9A and 9B in type; 
[0026] FIGS. 12A and 12B are diagrams explaining a 

temperature-dependent sensitivity variation of a gyro 
different from the gyro in FIGS. 9A and 9B in type and 
in channel; 

[0027] FIG. 13 is a block diagram schematically 

showing an arrangement of a camera having a shake 
correction function in accordance with another 
embodiment of the invention; 

[0028] FIG. 14 is a diagram showing differences in 

measurement error with respect to a variety of gyros 
different in type and in channel between a case that 
temperature correction is provided and a case that 
temperature correction is not provided. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0029] Preferred embodiments of the invention are 

described referring to the accompanying drawings. 
However, it should be noted that like reference 
numerals designate like or corresponding parts, and 
repeated description on like reference numerals will be 
avoided . 

[0030] Referring to FIG. 1, a camera 1 

incorporated with a shake correction function includes a 



main body 2 and a taking lens 3 provided substantially 
in the middle on the front face of the main body 2. The 
camera 1 is internally provided with a gyro unit 11 for 
detecting a shake in a pitch direction of the camera 1 
(hereinafter, called as "pitch gyro unit"), a gyro unit 
12 for detecting a shake in a yaw direction of the 
camera 1 (hereinafter, called as "yaw gyro unit"), and a 
temperature sensor 13. A shutter release button 14 is 
provided at a left end on the top surface of the main 
body 2 viewed from the front. In this embodiment, 
horizontal directions relative to the camera 1 in FIG. 1 
are called as " X- direct ions or X-axis directions", 
vertical directions relative to the camera 1 are called 
as " Y-directions , or Y-axis directions", rotating 
directions (pitch directions) about the X-axis are 
called as " P-directions " , and rotating directions (yaw 
directions) about the Y-axis are called as "Ya- 
directions" , respectively. 

[0031] Referring to FIG. 2, the camera 1 is comprised 

of the main body 2 and the taking lens 3. The camera 
main body 2 is incorporated with the pitch gyro unit 11, 
the yaw gyro unit 12, the shutter release button 14, a 
shake detecting circuit 15, a shake amount detecting 
circuit 16, a coefficient converting circuit 17, a 
sequence controlling circuit 18, and a controlling 
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circuit 19. The taking lens 3 is incorporated with a Y- 
direction position sensor 21, a Y-direction drive 
actuator 22, an X-direction position sensor 23, an X- 
direction drive actuator 24, a driving circuit 25, a 
shake correction optical assembly 4, and a photographing 
optical system 27, as well as the temperature sensor 13. 
[0032] First, the arrangement of the camera main 

body 2 is described. The shutter release button 14 
is rendered to a photographing preparatory state by 
being partially depressed in the Yl-direction in FIG. 
1. When the camera 1 is rendered to a photographing 
preparatory state, auto focusing function of 
automatically focusing an object image, auto exposure 
function of automatically determining the exposure, 
and shake correction function are activated. The 
shake correction function is continuously activated, 
while the shutter release button 14 is partially 
depressed, to facilitate an image framing operation 
of the camera 1 . The camera 1 is ready for 

photographing when a photographer fully depresses the 
shutter release button 14 in the Yl-direction in FIG. 
1, and the shutter release button 14 is rendered to a 
fully depressed state. Specifically, when the 

shutter release button 14 is rendered to a fully 
depressed state, exposure control is performed so as 

9 



to attain a proper exposure by an image sensor (not 
shown) depending on the exposed state determined by 
the auto exposure function. Proper shake correction 
control is performed so as to keep on correcting 
shakes of the camera while photographing is conducted 
in a dark place because the shutter speed is retarded 
in the dark place and accordingly, a camera shake is 
likely to occur during the photographing operation in 
such a dark place. 

[0033] As mentioned above, since the camera 1 is 

so constructed as to depress the shutter release 
button 14 in the Yl-direction in FIG. 1, a shake in 
P-direction in FIG. 1 is greater than a shake in Ya- 
direction in FIG. 1. Accordingly, it is preferable 
to improve correction performance of correcting a 
shake in P-direction than correction performance of 
correcting a shake in Ya-direction to enhance the 
overall shake correction performance of the camera 1. 
[0034] The pitch gyro unit 11 is a gyro sensor 

for detecting a shake of the camera 1 in P-direction. 
The yaw gyro unit 12 is a gyro sensor for detecting a 
shake of the camera 1 in Ya-direction. A gyro sensor 
is adapted to detect the angular velocity of a shake 
of the target (in this embodiment, the camera 1) 
corresponding to an angular displacement (swing) of 
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the camera* More specifically, the gyro sensor is 
incorporated with a piezoelectric element which is 
oscillated when a voltage is applied thereto. When 
the piezoelectric element is angularly displaced 
resulting from a shake of the camera 1, and is 
applied with an angular velocity, Coriolis action is 
exerted to the piezoelectric element at a right angle 
to the oscillating direction, and a distortion is 
generated in the oscillating piezoelectric element. 
The gyro sensor detects the angular velocity by 
extracting the distortion in terms of an electrical 
signal . 

[0035] In the camera 1, a gyro having a higher 

precision in shake detection e.g. a gyro having a 
smaller temperature -dependent sensitivity variation 
of the gyro is used as the pitch gyro unit 11, while 
a gyro having a larger variation in sensitivity is 
used as the yaw gyro unit 12. 

[0036] A signal indicative of an angular velocity 

in P-direction detected by the pitch gyro unit 11, 
and a signal indicative of an angular velocity in Ya- 
direction detected by the yaw gyro unit 12 are 
respectively inputted to the shake detecting circuit 
15. The shake detecting circuit 15 is comprised of a 
filter circuit (a combination of a low-pass filter 
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and a high-pass filter) for reducing noises and 
drifts from the respective angular velocity signals 
in P-direction and Ya - direct ion , and an amplifying 
circuit for amplifying the respective angular 
velocity signals. 

[0037] The angular velocity signals in P-direction 

and Ya-direction outputted from the shake detecting 
circuit 15 are inputted to the shake amount detecting 
circuit 16. The shake amount detecting circuit 16 
reads the respective angular velocity signals at a 
certain time interval. The respective angular 

velocity signals inputted to the shake amount 
detecting circuit 16 are outputted to the coefficient 
converting circuit 17 as a shake amount detx of the 
camera 1 in X-direction and a shake amount dety of 
the camera 1 in Y-direction, respectively. 
[0038] The coefficient converting circuit 17 

converts the shake amounts data (detx, dety) in X- 
direction and Y-direction into moving amounts (px, 
py) in the respective directions, while correcting 
the shake amounts, considering a variation inherent 
to the shake correction optical systems of the 
cameras individually (hereinafter, called as 
"individual difference"), and the ambient temperature. 
The individual difference is, for example, stored in 
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a memory (not shown) built in each of the camera main 
bodies by carrying out inspection of the shake 
correction optical systems individually and storing 
actual measurement data in the memory of each of the 
camera main bodies at the time of shipment thereof. 
The temperature characteristic of each gyro 
(piezoelectric element) is also stored in the memory 
by actual measurement, for example. 

[0039] The signals indicating the respective 

moving amounts (px, py) outputted from the 
coefficient converting circuit 17 are outputted to 
the controlling circuit 19. The controlling circuit 
19 converts the signals indicating the respective 
moving amounts (px, py) into driving signals (drvx, 
drvy) , taking into consideration of a change in 
environment such as the ambient temperature or change 
in properties with time, which may affect the driving 
circuit 25, the X-direction position sensor 23, the 
X-direction drive actuator 24, the Y-direction 
position sensor 21, and the Y-direction drive 
actuator 2 2 . 

[0040] The respective driving signals (drvx, drvy) 

in X- , Y-directions outputted from the controlling 
circuit 19 are outputted to the driving circuit 25. 
[0041] The operations of the shake amount 
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detecting circuit 16, the coefficient converting 
circuit 17, and the controlling circuit 19 are 
controlled by the sequence controlling circuit 18. 
Specifically, in response to full depression of the 
shutter release button 14, the sequence controlling 
circuit 18 controls the shake amount detecting 
circuit 16 to output the respective shake amounts 
(detx, dety) in X- , Y-directions to the coefficient 
converting circuit 17. Next, the sequence 

controlling circuit 18 controls the coefficient 
converting circuit 17 to convert the respective shake 
amounts (detx, dety) into the respective moving 
amounts (px, py). The sequence controlling circuit 
18, then, controls the controlling circuit 19 to 
calculate operation values, namely, drive signals 
( drvx , drvy) for driving the X-direction drive 
actuator 24 and the Y-direction drive actuator 22 
based on the respective moving amounts (px, py) 
outputted from the coefficient converting circuit 17 
so as to output the drive signals (drvx, drvy) to the 
driving circuit 25. The above operations are 

cyclically repeated at a certain time interval during 
a time from detection of the full depression of the 
shutter release button 14 until an exposure is 
completed, and thus performing shake correction. 
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Generally, it is said that a camera shake is a 
combination of quivering of a muscle of a body 
(photographer) which has such a small amplitude as 
around 10 Hz f a body shake which has such a large 
amplitude as 3 Hz or less, and a shake of the camera 
exerted thereto in response to depression of the 
shutter release button 14 which has such a relatively 
large amplitude as about 5 Hz . In view of this, in 
this embodiment, shake correction is performed at a 
time interval of 0.0005 seconds (2 kHz). 

[0042] The sequence controlling circuit 18 is 

activated to control an unillus t r at ed circuit to 
execute a photographing preparatory operation such as 
light metering and object distance detection in 
response to detection of a partial depression of the 
shutter release button 14, and is activated to 
perform an actual photographing operation such as 
driving of a lens for focus adjustment in response to 
detection of a full depression of the shutter release 
button 14 . 

[0043] Next, an arrangement of the taking lens 3 

is described referring to FIG. 2. The temperature 
sensor 13 provided in the taking lens 3 includes, for 
example, a thermistor. The temperature sensor 13 
detects the ambient temperature inside the camera 1 
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and outputs a detection result to the coefficient 
converting circuit 17 and to the controlling circuit 
19 in the camera main body 2. The detection result 
is utilized to correct a variation in the output 
signal due to a variation in the characteristics of 
various parts of the camera depending on a change in 
temperature. Correction of such a variation includes 
correction of a temperat ure - dependent variation of 
the shake correction optical system 26, the X- 
direction position sensor 23, and the Y-direction 
position sensor 21, and correction of basic driving 
frequencies and drive voltages of the X-direction 
drive actuator 24 and the Y-direction drive actuator 
22. These detection results are stored in the memory 
(not shown) of the camera main body 2 in the format 
of a lookup table in which correction values in 
correlation to the temperatures are stored with 
respect to each characteristic. 

[0044] The photographing optical system 27 focuses 

an object light image on the sensing plane thereof. 
The shake correction optical system 26 includes a 
lens for shake correction, and is adapted to refract 
a light image from an object. 

[0045] The Y-direction position sensor 21 detects 

the position of the shake correction optical assembly 

16 



4 in Y-direct ion , and outputs a detection result to 
the driving circuit 25. The Y-direction drive 

actuator 22 is, for example, an impact type 
piezoelectric actuator employing a piezoelectric 
element. The Y-direction drive actuator 22 moves the 
shake correction optical assembly 4 in Y-direction in 
response to a drive voltage outputted from the 
driving circuit 25. The X-direction position sensor 
23 detects the position of the shake correction 
optical assembly 4 in X-direction, and outputs a 
detection result to the driving circuit 25. The X- 
direction drive actuator 24 is, for example, an 
impact type piezoelectric actuator employing a 
piezoelectric element. The X-direction drive 

actuator 24 moves the shake correction optical 
assembly 4 in X-direction in response to a drive 
voltage outputted from the driving circuit 25. 
[0046] The Y-direction position sensor 21 and the 

X-direction position sensor 23 are each constructed 
such that an inf rared - ray - emit t ing diode (IRED) and a 
slit member are mounted on a movable side thereof, 
while a position sensitive device (denoted at PSD in 
FIG. 4) is mounted on a fixed side thereof. Outputs 
from the Y-direction position sensor 21 and the X- 
direction position sensor 23 are inputted to the 
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controlling circuit 19. The driving circuit 25 feeds 
drive voltages corresponding to the drive signals 
(drvx # drvy) sent from the controlling circuit 19 to 
the Y-direction drive actuator 22 and the X-direction 
drive actuator 24 respectively based on the control 
signals outputted from the controlling circuit 19 in 
the camera main body 2 . 

[0047] Next, an arrangement of the shake 

correction optical assembly 4 is described referring 
to FIG. 3. The shake correction optical assembly 4 
includes the Y-direction drive actuator 22, the X- 
direction drive actuator 24, the shake correction 
optical system 26, a base block 30, a base plate 31, 
a lens frame 32, an Y-direction sliding shaft 34y, an 
X-direction sliding shaft 34x, an Y-direction sliding 
guide member 35y, an X-direction sliding guide member 
35x, an Y-direction sub guide member 36y, and an X- 
direction sub guide member 36x. 

[0048] The base block 30 is a member on which the 

respective parts of the shake correction optical 
assembly 4 are mounted. The base block 30 is fixedly 
supported on a camera cone of the taking lens 3. The 
X-direction drive actuator 24 is, for example, an 
impact type piezoelectric actuator in which a 
piezoelectric element is fixedly mounted, and is 
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fixedly mounted on the base block 30 transversely. 
Specifically, the directions along which a movable 
member 241x of the X-direction drive actuator 24 is 
moved are defined as X-directions in FIG. 3. 
[0049] The X-direction slide guide member 35x is a 

substantially U-shaped driving force transmitter 
equipped with a pair of projecting sliders projecting 
vertically (in Y-direction) at its opposite ends on a 
base portion thereof. The base portion of the slide 
guide member 35x is fixedly attached to the movable 
member 241x. Each of the sliders of the slide guide 
member 35x has one end thereof fixedly attached to 
the base portion of the slide guide member 35x, and 
the other end thereof fixedly attached to the base 
plate 31. Each of the sliders is formed with a 
through-hole through which the sliding shaft 34x 
extends so that the X-direction slide guide member 
35x is reciprocable along the axis of the sliding 
shaft 34x. The sliding shaft 34x has its opposite 
ends fixed to the base plate 31 spaced apart 
therefrom by a certain clearance to render the slide 
guide shaft 35x reciprocable along the axis of the 
sliding shaft 34x. 

[0050] The X-direction sub guide member 36x is 

provided on the opposite side of the X-direction 
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slide guide member 35x with respect to the base plate 
31. The sub guide member 36x has a slider and a 
slider shaft. The slider of the sub guide member 36x 
is fixedly attached to the base plate 31, and is 
formed with a through-hole through which the slider 
shaft extends. The slider shaft has its opposite 
ends fixed to the base plate 31 spaced apart 
therefrom by a certain clearance to render the slider 
reciprocable along the axis of the slider shaft. 
With this arrangement, the X-direction slide guide 
member 35x together with the sub guide member 36x 
allows the base plate 31 to be reciprocable in X- 
directions smoothly, while keeping the base plate 31 
from being tilted relative to the direction of the 
optical axis of the shake correction optical assembly 
4 . 

[0051] The Y-direction drive actuator 22 is, for 

example, an impact type piezoelectric actuator in 
which a piezoelectric element is fixedly mounted, and 
is mounted on the base plate 31 in a direction 
orthogonal to X-direction. 

[0052] The Y-direction slide guide member 35y is a 

substantially U-shaped driving force transmitter 
equipped with a pair of projecting sliders projecting 
horizontally (in X-direction) at its opposite ends on 
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a base portion thereof. The base portion of the 
slide guide member 35y is fixedly attached to a 
movable member 221y. Each of the sliders of the 
slide guide member 35y has one end thereof fixedly 
attached to the base portion of the slide guide 
member 35y, and the other end thereof fixedly 
attached to the lens frame 32. Each of the sliders 
is formed with a through-hole through which the 
sliding shaft 34y extends so that the Y-direction 
slide guide member 35y is reciprocable along the axis 
of the sliding shaft 34y. The sliding shaft 34y has 
its opposite ends fixed to the base plate 31 spaced 
apart therefrom by a certain clearance to render the 
slide guide shaft 35y reciprocable along the axis of 
the sliding shaft 34y. 

[0053] The Y-direction sub guide member 36y is 

provided on the opposite side of the Y-direction 
slide guide member 35x with respect to the base plate 
31. The sub guide member 36y has a slider and a 
slider shaft. The slider of the sub guide member 36y 
is fixedly attached to the base plate 31, and is 
formed with a through-hole through which the slider 
shaft extends. The slider shaft has its opposite 
ends fixed to the base plate 31 spaced apart 
therefrom by a certain clearance to render the slider 
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reciprocable along the axis of the slider shaft. 
With this arrangement, the Y-direction slide guide 
member 35y together with the sub guide member 36y 
allows the base plate 31 to be reciprocable in Y- 
directions smoothly, while keeping the lens frame 32 
from being tilted relative to the direction of the 
optical axis of the shake correction optical assembly 
4. The lens frame 32 is a retainer for retaining the 
shake correction optical assembly 4. 

[0054] With the above arrangement, the shake 

correction optical system 26 refracts rays of light 
from an object in respective directions while 
continuously correcting shakes of the camera in X- , 
Y-directions in an optimal control (velocity) state 
based on positioning servo - control by the controlling 
circuit 19. Thus, a continuous shake correction is 
executable . 

[0055] Next, the controlling circuit 19 and a 

peripheral circuit thereof are described. Since 
shake correction is performed with respect to X- 
direction and Y-direction, respectively, it is 
necessary to provide an arrangement of controlling 
the X-direction drive actuator 24 and an arrangement 
of controlling the Y-direction drive actuator 22. 
Since these arrangements are identical to each other, 
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FIG. 4 shows the arrangement of controlling the X- 
direction drive actuator 24, while omitting the 
arrangement of controlling the Y-direction drive 
actuator 22. In the following, description on the 
arrangement of controlling the Y-direction drive 
actuator 22 is omitted for the above reason. 
[0056] Referring to FIG. 4, the controlling 

circuit 19 includes a subtracting circuit 190, a 
proportional integration and differential (PID) 
circuit 191, a lookup table circuit ( LUT ) 192, a 
digital-to-analog converter (DAC) 193, a pulse width 
modulation (PWM) controller 194, a PWM circuit 195, a 
driving frequency determining circuit 196, a unit 
converting circuit 197, and an analog - to - digit al 
converter (ADC) 198. The driving circuit 25 includes 
a voltage altering circuit 251 and an H-bridge 
circuit 252. The X-direction position sensor 23 
includes an inf rared - ray - emit t ing diode (IRED), a 
position sensitive device (PSD) 232, and a PSD signal 
processing circuit 233. 

[0057] An infrared ray emitted from the IRED 231 

mounted on the movable member 241x of the X-direction 
drive actuator 24 is incident on the PSD 232 through 
the slit member. Upon incident of the infrared ray, 
the PSD 232 detects the infrared ray, and outputs a 
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detection result to the PSD signal processing circuit 
233. The PSD signal processing circuit 233 executes 
signal processing in such a manner that an analog 
voltage representing the current position pxn of the 
movable member 241x, namely, the current position of 
the shake correction optical assembly 4 in X- 
direction is outputted to the ADC 198 of the 
controlling circuit 19. 

[0058] The ADC 198 is an analog- to - digital 

converting circuit, and converts an analog voltage 
representing the current position pxn of the shake 
correction optical assembly 4 to a digital signal of 
10-bit and outputs the digital signal to the unit 
converting circuit 197. The unit converting circuit 
197 multiplies the digital signal representing the 
current position pxn by a constant (=Kps) so that the 
unit of the value after the multiplication is the 
same as the unit of the target position px which has 
been outputted from the coefficient converting 
circuit 17. The signal representing the current 
position which is multiplied by Kps is outputted to 
the driving frequency determining circuit 196, as 
well as to the subtracting circuit 190 to which the 
signal indicating the target position px has been 
outputted . 

24 



[0059] The driving frequency determining circuit 

196 calculates a frequency for driving the actuator, 
taking into consideration of an individual difference 
of the shake correction optical assembly 4 and a 
temperature characteristic of the piezoelectric 
element based on a basic driving frequency of the 
actuator, which is a driving frequency of the 
actuator under a specific condition. Specifically, 
the driving frequency determining circuit 196 
calculates a driving frequency by revising the basic 
driving frequency depending on an individual 
difference of the shake correction optical assembly 4 
and the ambient temperature inside the camera. The 
individual difference of the shake correction optical 
assembly 4 at a certain driving frequency is, for 
instance, stored in the memory (not shown) of the 
camera main body in terms of correction values which 
are obtained by actual measurement in an inspection 
executed at the time of shipment. The temperature 
characteristics of the driving frequencies are also 
stored in the memory as a temperature correction 
table by actual measurement or its equivalent, 
wherein correction values regarding the basic driving 
frequency are stored at a certain temperature 
interval. The signal indicating the driving 



25 



frequency calculated by the driving frequency 
determining circuit 196 is outputted to the PWM 
controller 194. In this way, the basic driving 
frequency is revised by the driving frequency 
determining circuit 196* With this arrangement, even 
if the camera encounters an individual difference of 
the shake correction optical assembly 4 and a change 
in the ambient temperature, a proper basic driving 
frequency is obtained, 

[0060] The subtracting circuit 190 subtracts a 

signal indicating the current position pxn from a 
signal indicating the target position px which is 
outputted from the coefficient converting circuit 17 
to the controlling circuit 19. The difference 

between the target position pn and the current 
position pxn is outputted to the PID 191 as a control 
difference signal. The PID 191 determines a gain 
concerning proportion, differentiation, and 

integration to obtain an optimal operation value 
corresponding to the difference between the target 
position px and the current position pxn. The 
control difference signal amplified with use of the 
gain is outputted to the lookup table circuit 192 and 
to the PWM controller 194. 

[0061] The lookup table 192 determines a voltage 
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(drive voltage) of a direct - current power source Vp 
in accordance with the control difference signal by 
referring to a lookup table (voltage lookup table) 
concerning the voltage from the memory. The 
determined voltage (drive voltage) is outputted to 
the DAC 193. At this time, the lookup table circuit 
192 sets a gain concerning a non-linear portion of 
the signal component, which is difficult to be set by 
means of proportional gain, differentiation gain 
(gain concerning a high-frequency component) or the 
like. For instance, in the case of the driving 
system in this embodiment, a voltage in the range 
from 0 to 1.5V is regarded as 1.5V and outputted as 
such in view of the fact that voltage application in 
this range ( non - sens i t ive zone) does not activate the 
piezoelectric element owing to a frictional contact 
of piezoelectric pieces of the piezoelectric element 
against each other. Also, the maximal value of the 
applied voltage is so regulated as to avoid an 
unnecessary heated state of the driving system in 
view of securing durability of the driving system. 
The voltage lookup table is thus prepared to realize, 
for example, the characteristic shown in FIG. 5, 
wherein Vin denotes input voltage, and Vout denotes 
output voltage. More specifically, the table is 
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prepared in such a manner that: while the input 
voltage is —5.5V or less, the output voltage is kept 
at a constant level of — 5.5V; while the input 
voltage is such that — 5 . 5V ^ Vin<OV, the output 
voltage attains the equation: (Vout) =(4/5.5) X (Vin) 
— 1.5; while the input voltage is such that OV^Vin^ 
5.5V, the output voltage attains the equation: (Vout) 
= (4/5.5) X (Vin)+1.5: and while the input voltage is 
not smaller than 5.5V, the output voltage is kept at 
a constant level of 5.5V. 

[0062] The DAC 193 is a digit al - to - analog 

converting circuit, and converts a drive voltage of 
8-bit to an analog voltage to be outputted to the 
driving circuit 25. In the case that the driving 
circuit 25 is a circuit as configured in FIGS. 7B to 
7D, the DC-power voltage Vp is changed to a drive 
voltage determined in the lookup table circuit 192. 
Thereby, the moving members 241x and 221y, namely, 
the shake correction optical system 26 is 
continuously driven at a predetermined time interval 
so as to perform shake correction while an object 
image is picked up or exposed during an opening of 
the shutter. 

[0063] The PWM controller 194 determines the 

moving direction of the shake correction optical 
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system 26 in response to plus (minus) of the control 
difference signal from the PID circuit 191, and sets 
the duty ratio D to 3:7 while the symbol of the 
control difference signal is plus, whereas setting 
the duty ratio to 7:3 while the symbol is minus. The 
PWM controller 194 outputs a control signal to the 
PWM circuit 195 in such a manner that a generally 
rectangular waveform voltage is generated at the 
driving frequency calculated by the driving frequency 
determining circuit 196 and at the set duty ratio D. 
The PWM circuit 195 generates a drive voltage in the 
form of a rectangular waveform, and supplies the 
drive voltage to the H-bridge circuit 252 of the 
driving circuit 25. Circuits as exemplified in FIGS. 
7B to 7D are utilized as the H-bridge circuit 252 , 
which will be described in a later section. 
[0064] An electrical/ mechanical converting element 

of the X-direction drive actuator 24 is driven by the 
H-bridge circuit 252. The X-direction drive actuator 
24 moves the shake correction optical system 26 in X- 
direction toward the target position at a certain 
velocity. The controlling circuit 19 continuously 
drives the shake correction optical system 26 by 
applying an optimal voltage to the H-bridge circuit 
252 by way of the PID circuit 191, the lookup table 
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circuit 192, and the PWM controller 194 based on a 
difference between the updated target position px and 
the current position pxn, and by continuously 
supplying an optimal drive pulse signal from the PWM 
controller 194 and the PWM circuit 195 to the H- 
bridge circuit 252. With this arrangement, shake 
correction is continuously carried out while the 
shutter is opened. 

[0065] Next, described is an operation of the 

camera having a shake correction function. When the 
shutter release button 14 is fully depressed by a 
photographer, the sequence controlling circuit 18 
controls the shake amount detecting circuit 16 and 
the coefficient converting circuit 17 to convert the 
respective angular velocities in P-, Ya- directions 
detected by the pitch gyro unit 11 and the yaw gyro 
unit 12 to signals indicating a target position in 
the respective X- , Y-directions along which the shake 
correction optical system 26 is to be moved, and 
output the converted signals to the controlling 
circuit 19. 

[0066] Since the operation of the X-direction 

drive actuator 24 is identical to that of the Y- 
direction drive actuator 22, in the following, the 
operation of the X-direction drive actuator 24 is 
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described while omitting the operation of the Y- 
direction drive actuator 22. 

[0067] The controlling circuit 19 acquires a 

signal indicating the current position pxn of the 
shake correction optical system 26 from the X- 
position sensor 23. The signal indicating the 

current position pxn is converted to a digital signal 
in the ADC 198, and then converted to a signal in the 
same unit as the signal indicating the target 
position px in the unit converting circuit 197. The 
signal indicating the converted current position pxn 
is outputted to the driving frequency determining 
circuit 196, and to the subtracting circuit 190 to 
which the signal indicating the target position px 
has been inputted. 

[0068] The subtracting circuit 190 calculates a 

control difference signal by subtracting the current 
position data pxn from the target position data px . 
After the aforementioned processing is executed in 
the PID circuit 191, the control difference signal is 
outputted to the lookup table circuit 192 and to the 
PWM controller 194. The lookup table circuit 192 
determines the drive voltage value Vpx based on the 
control difference signal by referring to the voltage 
lookup table stored in the memory. After the voltage 
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Vpx is converted to an analog signal by the DAC 193 # 
the analog signal is outputted to the voltage 
altering circuit 251 of the driving circuit 25. Thus, 
the DC voltage in the driving circuit 25 is set as 
the voltage Vpx. 

[0069] On the other hand, the driving frequency 

determining circuit 196 judges whether the correction 
value corresponds to the detected ambient temperature 
by referring to a temperature correction table stored 
in the unillus t rat ed memory, based on the ambient 
temperature detected by the temperature sensor 13 
upon receiving the signal indicating the current 
position pxn . The driving frequency determining 

circuit 196 determines the driving frequency by 
revising the basic driving frequency stored in the 
memory based on the correction value corresponding to 
the individual difference and the ambient temperature 
stored in the memory. It is not necessary to 

determine the driving frequency every time 
positioning servo control is executed for feedback 
control of shake correction. Alternatively, the 

driving frequency may be determined at a start-up 
operation of the camera exclusively, or every 
predetermined times . 

[0070] The signal indicating the determined 
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driving frequency is outputted to the PWM controller 
194 along with the output from the PID circuit 191. 
The PWM controller 194 judges the moving directions 
of the movable members 241x and 221y, namely, the 
shake correction optical system 26 based on plus or 
minus of the output from the PID circuit 191, and 
determines the duty ratio D based on the judgment 
result. Specifically, while the symbol of the output 
is plus, the duty ratio D is set to 3:7, whereas the 
symbol of the output is minus, the duty ratio D is 
set to 7:3. The PWM controller 194 controls the PWM 
circuit 195 to thereby output a PWM signal 
representing the revised driving frequency and the 
determined duty ratio D to the H-bridge circuit 252 
in the driving circuit 25. The H-bridge circuit 252 
moves the movable member 241x at a predetermined 
velocity by driving the electrical/mechanical 
converting element of the X-direction drive actuator 
24 based on the PWM signal indicating that the DC- 
power voltage is supplied at the value Vpx. Thus, 
the shake correction optical system 26 is 
correctively moved at a predetermined velocity for 
shake correction. 

[0071] The controlling circuit 19 continuously 

performs position control of the shake correction 
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optical system 26 at a predetermined time interval 
while the shutter is opened to pick up or expose an 
object image. Specifically, the controlling circuit 
19 determines an optimal control voltage based on the 
updated target position px and the updated current 
position pxn , and cyclically drives the X-direction 
actuator 24 at a velocity corresponding to the 
optimal control voltage. The updated target position 
px is calculated based on an output signal from the 
pitch gyro unit 11, and the updated current position 
pxn is acquired based on the output signal from the 
X-direction position sensor 23. Thus, the positioning 
servo control is optimized basically in such a manner 
that the velocity for driving the shake correction 
optical system 26 is raised by increasing the voltage 
to be applied to the electrical/mechanical converting 
element of the X-direction drive actuator 24 in the 
case where a difference in position (difference 
between target position px and current position pxn), 
and a difference in angular velocity before and after 
shake correction is large. As a result of such a 
servo control, the shake correction optical system 26 
is continuously driven in a state that a difference 
between the target position px and the current 
position pxn is minimized. 
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[0072] In this way, in this embodiment, since the 

frequency of the drive voltage is defined as the 
basic driving frequency, there is no need of 
controlling the driving frequency in controlling the 
driving velocity and position of the shake correction 
optical system 26. In this embodiment, the driving 
state of the shake correction optical system 26 can 
be optimized, and shake correction of high 
performance can be executed by regulating the value 
of the drive voltage. Further, in this embodiment, 
since an impact-type piezoelectric actuator is used 
as a driver for the shake correction optical system 
26, downsizing of the taking lens 3 and power saving 
thereof can be attained, thereby leading to 
downsizing of the camera and power saving thereof. 
[0073] Next, an example of the driving circuit 25 

is described referring to FIG. 6. FIGS. 7A to 7D 
show states of circuit control in terms of a 
relationship between an H-bridge circuit and an 
applied voltage to an elect rical /mechanical 
converting element. Specifically, FIG. 7A is a 

diagram showing a relationship between a voltage to 
be applied to a control terminal INI ( IN2 or INC), 
and a direction of applied voltage to the 
electrical /mechanical converting element. FIGS. 7B 
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through 7D are diagrams showing a relationship 
between an on/off state in each switching element of 
the H-bridge circuit and a moving direction (forward 
or reverse) of the movable member. FIG. 8A shows a 
train of pulses indicating the voltage Vpx (drive 
voltage Vp in X-direction) to be applied to the X- 
direction drive actuator 24. FIG. 8B shows a set of 
diagrams showing a relationship between an PWM pulse 
Xpwm for driving the X-direction drive actuator 24, 
and an applied voltage to the electrical/mechanical 
converting element, wherein (a) shows a train of 
pulses of the voltage Vpx to be applied to the X- 
direction drive actuator 24, (b) shows a train of PWM 
pulses Xpwm for driving the X-direction drive 
actuator 24, and (c) shows a train of pulses 
corresponding to an actual voltage to be applied to 
the electric/mechanical converting element. 
[0074] Referring to FIG. 6, a driver circuit 90 is 

incorporated with two H-bridge circuits 96 (N-ch H 
bridge 1 in FIG. 6), 99 (N-ch H bridge 2 in FIG. 6) 
serving as two channels. As shown in FIG. 6, one 
channel is a circuit in which a switching element 
constituting an H-bridge is an N-channel MOS-FET 
circuit. Specifically, the H-bridge circuit 96 has 
its driving direction F/R controlled by high or low 
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level of Xpwm which is inputted to the control 
terminal INI of the driver circuit 90, whereas the H- 
bridge circuit 99 has its driving direction F/R 
controlled by high or low level of Ypwm which is 
inputted to the control terminal IN2 of the driver 
circuit 90, F denotes forward direction, and R 
denotes reverse direction, respectively. 

[0075] In this arrangement, the applied voltage is 

allowed to be turned to an OFF-state by setting the 
control terminal INC of the driver circuit 90 to L 
(low level). A control terminal PS of the driver 
circuit 90 is connected with a power-save control 
terminal of a microcomputer 101. The control 

terminal PS turns off the driver circuit 90 as timed 
with non-activation of shake correction. 

[0076] The driver circuit 90 is further 

incorporated with a functional block (such as an 
oscillating circuit 91, a charge pump circuit 92, a 
level control circuit 94, and a level shift circuit 
98) of raising the voltage of the control terminal in 
the N-channel MOS-FET of the H-bridge circuit 96 (99) 
so as to controllably turn on and off the MOS-FET, 
and a switching control functional block (such as a 
switching circuit 95 and a control circuit 97) of 
controlling on and off of the MOS-FET in response to 
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an output signal from the control terminals INI. IN2 . 
INC. With this arrangement, even if the voltage 
outputted from the microcomputer 101 is low, and the 
number of terminals for inputting control signals is 
small, the applied voltage to the X-direction drive 
actuator 24 and the Y-direction drive actuator 22 can 
be optimally controlled. 

[0077] The driver circuit 90 is incorporated with 

a band-gap reference circuit 93 to supply a reference 
voltage to the oscillating circuit 91, the charge 
pump circuit 92. the level control circuit 94, and 
the control circuit 97. 

[0078] The voltages to be applied to the 

electric/mechanical converting element of the X- 
direction drive actuator 24 and to the 
electric/mechanical converting element of the Y- 
direction drive actuator 22 are respectively supplied 
from external devices as Vpx and Vpy in the following 
manner. Specifically. voltages (CVpx, Cvpy ) which 
are separately supplied from DACA70. DACB 80 
(constituting a D/A converting section of the 
microcomputer 101) serving as a channel for X- 
direction driving and a channel for Y-direction 
driving are outputted to difference amplifiers 72 to 
74. and 82 to 84 via buffer circuits 71, 81, 
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respectively for level shifting and amplification 
ratio conversion. After the level shifting and the 
amplification ratio conversion in the difference 
amplifiers 72 to 74, and 82 to 84, the voltages ( CVpx , 
Cvpy) are converted to applied voltages (Vpx, Vpy) of 
an optimal level, and supplied to the 

electrical/mechanical converting element of the X- 
direction drive actuator 24 and to the 
electrical/mechanical converting element of the Y- 
direction drive actuator 22, respectively. 
[0079] A power supply voltage Vpi is supplied from 

a battery or a DC/DC converter as a constant value 
depending on the capacity (size) of the 
electrical /mechanical converting element used in the 
X-direction drive actuator 24 (Y-direction drive 
actuator 22). In case of driving a lens of a camera, 
the power supply voltage Vpi is preferably in the 
range from about 6V to about 8V. Denoted at 

reference numeral 75 ( 85 ) is a capacitor for 
accumulating electric charges to keep an applied 
voltage from being fluctuated greatly even if the 
corresponding elect ric /mechanical convert in g element 
is applied with a rectangular waveform voltage of a 
high frequency such as about 60 kHz. In this 

embodiment, the capacity of the capacitor 75 ( 85 ) is 
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preferably about 1 £6 F considering the cycle (e.g. 1 
kHz) of changing the applied voltage controlled by 
the microcomputer 101, the maximal voltage change, 
and the capacity of the electrical/mechanical 
converting element . 

[0080] Referring to FIG. 8A, in the case where the 

applied voltage is fixed to Vpx, the actual voltage 
applied to the elect rical /mechanical converting 
element is changed from Vpx to — Vpx because the 
driving direction of the H-bridge circuit 96 is 
changed from F/R to R/F and vice versa in response to 
switching of the control terminal 1N1 between high 
level (Vcc) and low level (ground level). 
[0081] The section (a) in FIG. 8B shows a change 

of Vpx in a low time-resolution, wherein the voltage 
actually applied to the electrical/mechanical 
converting element is controlled by varying the 
applied voltage at a cycle of about 1 kHz ( by 
updating the optimal applied voltage) in combination 
with direction inverting control of the H-bridge 
circuit 96 operated at a cycle of about 60 kHz. By 
this control, the average angular velocity of the 
elect rical /mechanical converting element is 

controllable at a cycle of 1 kHz while allowing the 
elect rical /mechanical converting element to 
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constantly oscillate with an optimal resonance 
frequency (e.g. about 60 kHz). This control is 
cyclically repeated during driving of the shake 
correction optical system 26. 

[0082] In this embodiment, the controlling circuit 

19 is provided in the camera main body 2 to control 
the Y-direction drive actuator 22 and the X-direction 
drive actuator 24. Alternatively, the controlling 
circuit 19 may be provided in the taking lens 3. 
With such an altered arrangement, the camera main 
body 2 can be dispensed with the circuits for 
controlling the shake correction optical system 26 to 
thereby reduce the size and the production cost of 
the camera main body 2 . 

[0083] FIGS. 9A through 12B illustrate 

temperature - dependent sensitivity variation of a gyro. 
FIG. 9A shows measurement results regarding 
sensitivity variation of a specific type of gyro 
(TYPE01_A) obtained by changing the inner temperature 
of the camera main body stepwise (5 steps). FIG. 9B 
shows the measurement results in FIG. 9A in terms of 
a relationship between temperature and sensitivity 
change ratio. FIGS. 10A and 10B illustrate 

temperature - dependent sensitivity variation of a gyro 
which is different from the gyro shown in FIGS. 9A 
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and 9B ±n channel. Specifically, FIG. 10A shows 
measurement results regarding sensitivity variation 
of a specific type of gyro (TYPB01_B) obtained by 
changing the inner temperature of the camera main 
body stepwise (5 steps). FIG. 10B shows the 

measurement results in FIG. 10A in terms of a 
relationship between temperature and sensitivity 
change ratio. FIGS. 11A and 11B illustrate 

temperatur e - dependent sensitivity variation of a 
specific type of gyro (TYPE02_A) which is different 
from the gyros used in FIGS. 9A, 9B, and 10A, 10B in 
type. Specifically, FIG. 11A shows measurement 

results regarding sensitivity change ratios of the 
gyro (TYPE02_A) obtained by changing the inner 
temperature of the camera main body stepwise (5 
steps). FIG. 11B shows the measurement results in 
FIG. 11A in terms of a relationship between 
temperature and sensitivity change ratio. FIGS. 12A 
and 12B illustrate temperature - dependent sensitivity 
variation of a gyro which is different from the gyros 
used in FIGS. 9A, 9B, and 10A, 10B in type and in 
channel. Specifically, FIG. 12A shows measurement 
results regarding sensitivity change ratios of a 
specific type of gyro (TYPE02_B) obtained by changing 
the inner temperature of the camera main body 
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stepwise (5 steps). FIG. 12B shows the measurement 
results in FIG. 12A in terms of a relationship 
between temperature and sensitivity change ratio. 
[0084] In FIGS. 9B. 10B. 11B, and 12B, the axis of 

abscissa denotes temperature ( °C ) . and the axis of 
ordinate denotes sensitivity change ratio (%). 
"TYPE01" in "TYPE01_A" denotes the type of gyro, and 
"A" denotes the number of channel. Specifically, 
"TYPE01_A" in FIGS. 9A and 9B and "TYPE01_B" in FIGS. 
10A and 10B denote that the gyros are identical to 
each other in type and different from each other in 
channel (frequency). «TYPE01_A" and "TYPE02_A" in 
FIGS. 11A and 11B denote that the gyros are different 
from each other in type and identical to each other 
in channel. 

[0085] Referring to FIG. 9A. the temperature is 

changed stepwise from - 5 °C to 70°C on the basis that 
the sensitivity change ratio at room temperature of 
25 °C is 0%. and measured are the sensitivity change 
ratios of five gyros of TYPE01_A (indicated as LOT No. 
1A1 through 1A5 in FIG. 9A) at -5°C, 0°C, 10°C , 50°C, 
and 7 0°C , respectively. 

[0086] As shown in FIG. 9A, when the temperature 

was - 5°C , the sensitivity change ratio of the first 
one of the gyros was -0.6%; the sensitivity change 
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ratio of the second one of the gyros was —0.3%; the 
sensitivity change ratio of the third one of the 
gyros was —1-7%; the sensitivity change ratio of the 
fourth one of the gyros was — 1.5%; and the 
sensitivity change ratio of the fifth (last) one of 
the gyros was 0.2%, respectively. When the 

temperature was — 5 °C , the average (AVE) of the 
sensitivity change ratios of the five gyros of 
TYPE01_A (indicated as LOT No. 1A1 to 1A5 in FIG. 9A) 
was — 0.78%, the maximal sensitivity ratio (MAX) was 
0.2%, the minimal sensitivity change ratio (MIN) was 
—1.7%, the value (MAX2) obtained by subtracting the 
average value from the maximal sensitivity change 
ratio was 0.98%, and the value (MIN2) obtained by 
subtracting the average value from the minimal 
sensitivity change ratio was —0.92%, respectively. 
[0087] Further, as shown in FIG. 9A, when the 

temperature was 0 °C , the average (AVE) of the 
sensitivity change ratios of the five gyros was 0.92%, 
the maximal sensitivity ratio (MAX) was 1.7%, the 
minimal sensitivity change ratio (MIN) was 0.1%, the 
value (MAX2) obtained by subtracting the average 
value from the maximal sensitivity change ratio was 
0.78%, and the value (MIN2) obtained by subtracting 
the average value from the minimal sensitivity change 
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ratio was - 0.82%. respectively. When the 

temperature was 10 °C . the average (AVE) of the 
sensitivity change ratios of the five gyros was 1.9%, 
the maximal sensitivity ratio (MAX) was 2.2%, the 
minimal sensitivity change ratio (MIN) was 1.3%. the 
value (MAX2) obtained by subtracting the average 
value from the maximal sensitivity change ratio was 
0.3%, and the value (MIN2) obtained by subtracting 
the average value from the minimal sensitivity change 
ratio was -0.6%. respectively. When the temperature 
was 50°C, the average (AVE) of the sensitivity change 
ratios of the five gyros was - 2.5%. the maximal 
sensitivity ratio (MAX) was - 2.1%. the minimal 
sensitivity change ratio (MIN) was -2.8%. the value 
( MAX 2 ) obtained by subtracting the average value from 
the maximal sensitivity change ratio was 0.4%, and 
the value (MIN2) obtained by subtracting the average 
value from the minimal sensitivity change ratio was 
-0.3%, respectively. When the temperature was 7 0 °C , 
the average (AVE) of the sensitivity change ratios of 
the five gyros was - 4.42%. the maximal sensitivity 
ratio (MAX) was - 3.9%, the minimal sensitivity 
change ratio (MIN) was - 5.0%, the value ( MAX 2 ) 
obtained by subtracting the average value from the 
maximal sensitivity change ratio was 0.52%, and the 
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value (MIN2) obtained by subtracting the average 
value from the minimal sensitivity change ratio was 
— 0. 58%, respectively. 

[0088] As shown in FIG. 9A, the sensitivity change 

ratios of the gyros of TYPE01_A range from — 5.0% 
corresponding to a minimal change ratio to 2.2% 
corresponding to a maximal change ratio. This range 
of the sensitivity change ratio corresponds to a 
measurement error range in shake detection with 
respect to the gyros of TYPE01_A. Further, as shown 
in FIG. 10A, the sensitivity change ratios of the 
gyros of TYPE01_B range from — 8.5% corresponding to 
a minimal change ratio to 5.4% corresponding to a 
maximal change ratio. This range of the sensitivity 
change ratio corresponds to a measurement error range 
in shake detection with respect to the gyros of 
TYPE01_B. Furthermore, as shown in FIG. 11A, the 
sensitivity change ratios of the gyros of TYPE02_A 
range from — 5.7% corresponding to a minimal change 
ratio to 2.3% corresponding to a maximal change ratio. 
This range of the sensitivity change ratio 
corresponds to a measurement error range in shake 
detection with respect to the gyros of TYPE02_A. 
Also, as shown in FIG. 12A, the sensitivity change 
ratios of the gyros of TYPE02_B range from — 2.0% 
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corresponding to a minimal change ratio to 2.9% 
corresponding to a maximal change ratio. This range 
of the sensitivity change ratio corresponds to a 
measurement error range in shake detection with 
respect to the gyros of TYPE02_B. 

[0089] As mentioned above, in the case of the 

camera 1, since the shutter release button 14 is so 
designed as to be depressed in Yl direction in FIG. 1 
at the time of photographing, a shake amount in pitch 
direction is generally larger than that in yaw 
direction. In view of this, in the camera 1, used is 
a gyro having a higher shake detection precision, 
namely, a gyro having a smaller t emper at ure - dependent 
sensitivity change ratio as a gyro for detecting a 
shake in pitch direction (namely, pitch gyro unit 11). 
[0090] Specifically, when a gyro of TYPE01 is 

used, since a gyro of TYPE01_A has a smaller 
detection error than a gyro of TYPE01__B, the gyro of 
TYPE01_A is used as the pitch gyro unit 11. Likewise, 
when a gyro of TYPE 0 2 is used, since a gyro of 
TYPE02_B has a smaller detection error than a gyro of 
TYPE02_A, the gyro of TYPE02_B is used as the pitch 
gyro unit 1 1 . 

[0091] Further, the range of detection error with 

respect to gyros of TYPE01_A is 7.2%, the range of 
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detection error with respect to gyros of TYPE01_B is 
13.9%, the range of detection error with respect to 
gyros of TYPE02_A is 8%, and the range of detection 
error with respect to gyros of TYPE02_B is 4.9%. 
Accordingly, it is preferable to use the gyro of 
TYPE02_B having a least detection error among the 
above four types of gyros as the pitch gyro unit 11. 
[0092] In this way, using a gyro having a smaller 

sensitivity change ratio as the pitch gyro unit 11 
while using a gyro having a larger sensitivity change 
ratio as the yaw gyro unit 12 makes it possible to 
perform shake correction with high precision and at a 
low cost . 

[0093] A gyro of TYPE01_A and a gyro of TYPE01_B 

are gyros identical to each other in type and 
different from each other in channel. Since it is 
necessary to detect an angular displacement or shake 
of a camera in two different directions (pitch 
direction and yaw direction) for shake correction, it 
is a general practice to use the gyros of TYPE01_A 
and TYPE01__B in pair. In using these gyros as a pair, 
however, there is likelihood that the gyros of 
TYPE01_A and TYPE01_B may resonate with each other. 
In view of such a likelihood, the driving frequency 
of the piezoelectric element in the pitch gyro unit 
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11 and the driving frequency of the piezoelectric 
element in the yaw gyro unit 12 are differentiated 
from each other. Whereas the driving frequency for 
driving the pitch gyro unit 11 is set to 22 kHz, the 
driving frequency for driving the yaw gyro unit 12 is 
set to 24 kHz, for example. The driving frequencies 
for driving the pitch gyro units 11 and 12 are 
differentiated from each other by differentiating the 
lengths of the piezoelectric elements used in the 
pitch gyro units 11 and 12 from each other. 
[0094] In case that that oscillating gyros each 

having a piezoelectric element are used as the pitch 
gyro unit 11 and the yaw gyro unit 12 respectively, 
resonance of the two gyro units 11 and 12 can be 
avoided by differentiating the driving frequencies of 
the pitch gyro unit 11 and the yaw gyro unit from 
each other. 

[0095] In the previous embodiment, shake 

correction with high precision and at a low cost is 
attained by using a gyro having higher detection 
precision as the pitch gyro unit for detecting an 
angular velocity of a shake of the camera in pitch 
direction. In the second embodiment, shake 

correction with higher precision is attained by 
performing temperature correction with respect to the 
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sensitivity of the gyro. 

[0096] Referring to FIG. 13 showing an arrangement 

of a camera having a shake correction function in 
accordance with another embodiment of the invention, 
a camera 1' having a shake correction function 
includes a camera main body 2 and a taking lens 3. 
The camera main body 2 has a sensitivity correcting 
section 10, a pitch gyro unit 11, a yaw gyro unit 12, 
a temperature sensor 13, a shutter release button 14, 
a shake detecting circuit 15, a shake amount 
detecting circuit 16, a coefficient converting 
circuit 17, a sequence controlling circuit 18, and a 
controlling circuit 19. The taking lens 3 includes a 
Y-direction position sensor 21, a Y-direction drive 
actuator 22, an X-direction position sensor 23, an X- 
direction drive actuator 24, a driving circuit 25, a 
shake correction optical system 26, and a 
photographing optical system 27. The arrangement of 
the camera 1' shown in FIG. 13 is substantially 
identical to that of the camera 1 in the first 
embodiment shown in FIG. 2. Accordingly, merely the 
arrangement of the second embodiment different from 
that of the first embodiment is described in this 
section . 

[0097] The shake amount detx in X-direction of the 
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camera 1 ' and the shake amount dety in Y-direction of 
the camera 1' which are outputted from the shake 
amount detecting circuit 16 are inputted to the 
sensitivity correcting section 10. The sensitivity 
correcting section 10 performs temperat ure - dependent 
sensitivity correction with respect to the shake 
amount detx in X-direction of the camera 1' and the 
shake amount dety in Y-direction of the camera 1' 
based on data concerning the inner temperature of the 
camera main body 2 detected by the temperature sensor 
13. Specifically, the sensitivity correcting section 
10 determines a correction coefficient based on the 
temperature of the camera main body 2 detected by the 
temperature sensor 13 while referring to a lookup 
table in which the inner temperature of the camera 
main body 2 and the correction coefficient for 
performing temperature -dependent sensitivity 

correction of the gyro are stored in correlation to 
each other, and performs sensitivity correction with 
respect to the shake amounts (detx, dety) with use of 
the determined correction coefficient. The lookup 
table stores correction coefficients with respect to 
the sensitivity correction in correlation to the 
temperature therein. For instance, the lookup table 
stores correction coefficients every 5 °C in the 
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temperature range from - 5 °C to 70 °C . After 
sensitivity is corrected by the sensitivity 
correcting section 10, the shake amounts (detx, dety) 
in X- and Y-directions are inputted to the 
coefficient converting circuit 17. 

[0098] The temperature sensor 13 is, for example, 

a thermistor, and detects the ambient temperature 
inside the camera 1' and outputs the detection result 
to the sensitivity correcting section 10, the 
coefficient converting circuit 17, and the 
controlling circuit 19 of the camera main body 2, 
respectively. The detection result is utilized to 
correct a variation in the output signal due to a 
variation in various characteristics of various parts 
of the camera depending on a change in temperature. 
Correction of such a variation includes correction of 
a temperature-dependent sensitivity variation of the 
pitch gyro unit 11 and the yaw gyro unit 12, 
correction of a temper at ure - dependent variation of 
the shake correction optical system 26, the Y - 
position sensor 21, and the X-direction position 
sensor 23, and correction of basic driving 
frequencies and drive voltages of the Y-direction 
drive actuator 22 and the X-direction drive actuator 
24. These detection results are stored in the memory 
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(not shown) of the camera main body 2 in the format 
of a lookup table in which correction values in 
correlation to the temperatures are stored with 
respect to each characteristic. 

[0099] The temperature sensor 13 is preferably 

provided in vicinity of the pitch gyro unit 11 and 
the yaw gyro unit 12 in order to perform temperature- 
dependent sensitivity correction of the pitch gyro 
unit 11 and the yaw gyro unit 12. Alternatively, a 
temperature sensor may be provided in the taking lens 
3 to perform temper at ure - dependent variation 
correction of the shake correction optical system 26, 
the X-direction sensor 23, and the Y-direction sensor 
21, as well as a correction with respect to basic 
driving frequencies and drive voltages of the X- 
direction drive actuator 24, and the Y-direction 
drive actuator 22. Further alternatively, the 

temperature sensor 13 for detecting the temperature 
of the pitch gyro unit 11 and the yaw gyro unit 12 
may be omitted in the following condition. 
Specifically, in the case that a member for detecting 
the temperature of a CCD sensor or the like is 
provided in the camera, it is possible to use such a 
detecting member as a temperature sensor for 
detecting the temperature of the pitch gyro unit 11 
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and the yaw gyro unit 12. 

[0100] The temperature characteristic of the gyro 

representing the measurement results regarding the 
temperature - dependent sensitivity variation shown in 
FIG. 9A is shown in FIG. 9B. Likewise, the 

temperature characteristics of the gyro representing 
the measurement results regarding the temperature- 
dependent sensitivity variation shown in FIG. 10A 
(FIG. 11A, and FIG. 12A) are shown in FIG. 10B (FIG. 
11B, and FIG. 12B). Similar to FIG. 9B, the 

temperature characteristic of the gyro in FIG. 10B 
(FIG. 11B, and FIG. 12B) is such that the higher the 
temperature, the lower the sensitivity change ratio 
is on the basis of the room temperature of 2 5 °C . In 
the conventional arrangement, it is difficult to 
completely eliminate a temper ature - dependent 

sensitivity variation of the gyro although some 
structural arrangement or adjustment is made inside 
the gyro in an attempt to secure stable sensitivity 
regardless of a change in temperature. 

[0101] Observation on the value (MAX2) obtained by 

subtracting the average value from the maximal 
sensitivity change ratio and the value (MIN2) 
obtained by subtracting the average value from the 
minimal sensitivity change ratio reveals that the 
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temperature - dependent sensitivity variation is 
suppressed as less as in the range from — 0.92 to 
0.98%. Therefore, it is possible to suppress a 
temperature - dependent sensitivity variation of the 
gyro by correcting the angular velocity signal in 
pitch direction (shake amount in X-direction) and the 
angular velocity signal in yaw direction (shake 
amount in Y-direction) to allow the sensitivity 
change ratio to fall in the above range for attaining 
further detection precision. Specifically, prepared 
are lookup tables in which the correction 
coefficients are stored in correlation to 
temperatures in such a manner that a value obtained 
by subtracting the average value of the sensitivity 
change ratios which has been measured in advance, 
from the sensitivity change ratio corresponding to an 
output signal from the pitch gyro unit 11 (yaw gyro 
unit 12) is used as an effective sensitivity change 
ratio, and the lookup tables are stored in a memory 
inside the camera main body. The sensitivity 

correcting section 10 determines the correction 
coefficient based on the temperature data outputted 
from the temperature sensor 13 while referring to the 
corresponding lookup table, and multiplies the output 
signal from the pitch gyro unit 11 (yaw gyro unit 12) 
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by the determined correction coefficient to perform 
sensitivity correction. 

[0102] Referring to FIG. 14 showing a difference 

in temperature - dependent sensitivity variation of the 
gyro resulting from a difference in type and channel 
of the gyro, in the case that a temperature 
correction regarding the sensitivity of the gyro of 
TYPE01_A is not executed, a maximal detection error 
(MAX) with respect to the gyro is 2.2%, whereas the 
minimal detection error (MIN) is — 5.0%. Namely, a 
difference between the maximal detection error and 
the minimal detection error with respect to the gyro 
of TYPE01_A is 7.2%. Further, in the case that a 
temperature correction regarding the sensitivity of 
the gyro of TYPE01_B is not executed, a maximal 
detection error (MAX) with respect to the gyro is 
5.4%, whereas the minimal detection error (MIN) is — 
8.5%. Namely, a difference between the maximal 
detection error and the minimal detection error with 
respect to the gyro of TYPE01_B is 13.9%. Further, 
in the case that a temperature correction regarding 
the sensitivity of the gyro of TYPE02_A is not 
executed, a maximal detection error (MAX) with 
respect to the gyro is 2.3%, whereas the minimal 
detection error (MIN) is — 5.7%. Namely, a 
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difference between the maximal detection error and 
the minimal detection error with respect to the gyro 
of TYPE02_A is 8.0%. Further, in the case that a 
temperature correction regarding the sensitivity of 
the gyro of TYPE02_B is not executed, a maximal 
detection error (MAX) with respect to the gyro is 
2.9%, whereas the minimal detection error (MIN) is — 
2.0%. Namely, a difference between the maximal 

detection error and the minimal detection error with 
respect to the gyro of TYPE02_B is 4.9%. 

[0103] In the case of executing shake correction 

with use of the gyro of TYPE01 in an attempt to 
attain such a detection precision as detection error 
of 10% or less, a temperature correction regarding 
the sensitivity of the gyro is required as 
exemplified in this embodiment. On the other hand, 
in the case of executing shake correction with use of 
the gyro of TYPE 0 2 , temperature correction regarding 
the sensitivity of the gyros of TYPE02_A and TYPE02_B 
is not required as far as detection error of 10% or 
less is demanded. This is because both of the 
detection errors with respect to the gyros of 
TYPE02_A and TYPE02_B do not exceed 10%. 
Specifically, as far as the gyro satisfies a certain 
level of detection precision, it is not necessarily 
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required to perform temperature correction regarding 
the sensitivity of the gyro- A temperature 

correction regarding the sensitivity of the gyro may 
be performed exclusively in achieving detection of 
high precision (e.g. detection error within 5% or 
less ) . 

[0104] On the other hand, in the case that a 

temperature correction is executed with respect to 
the sensitivity of the gyro of TYPE01_A, a maximal 
detection error (MAX) with respect to the gyro is 
0.98%, whereas the minimal detection error (MIN) is 
— 0.92%. Namely, a difference between the maximal 
detection error and the minimal detection error with 
respect to the gyro of TYPE01_A is 1.9%. Further, in 
the case that a temperature correction is executed 
with respect to the sensitivity of the gyro of 
TYPE01_B, a maximal detection error (MAX) with 
respect to the gyro is 2.14%, whereas the minimal 
detection error (MIN) is — 2.38%. Namely, a 

difference between the maximal detection error and 
the minimal detection error with respect to the gyro 
of TYPE01_B is 4.52%. Further, in the case that a 
temperature correction is executed with respect to 
the sensitivity of the gyro of TYPE02_A, a maximal 
detection error (MAX) with respect to the gyro is 
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1.48%, whereas the minimal detection error (MIN) is 
— 1.82%. Namely, a difference between the maximal 
detection error and the minimal detection error with 
respect to the gyro of TYPE02_A is 3.3%. Further, in 
the case that a temperature correction regarding the 
sensitivity of the gyro of TYPE02_B is executed, a 
maximal detection error (MAX) with respect to the 
gyro is 0.96%, whereas the minimal detection error 
(MIN) is 0.74%. Namely, a difference between the 
maximal detection error and the minimal detection 
error with respect to the gyro of TYPE02_B is 1.7%. 
[0105] As is obvious from FIG. 14, in the case 

that a temperature correction regarding the 
sensitivity of the gyro is executed, the difference 
between the maximal detection error and the minimal 
detection error with respect to the gyro of TYPE01_A 
is 1.9%, and the difference between the maximal 
detection error and the minimal detection error with 
respect to the gyro of TYPE01_B is 4.52%. As 
compared with the case that a temperature correction 
is not executed, the detection error can be decreased 
by about 5 to 9%, thereby raising detection precision. 
Likewise, the difference between the maximal 
detection error and the minimal detection error with 
respect to the gyro of TYPE02_A is 3.3%, and the 
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difference between the maximal detection error and 
the minimal detection error with respect to the gyro 
of TYPE02_B is 1.7%. As compared with the case that 
a temperature correction is not executed, the 
detection error can be decreased by about 3 to 5%, 
thereby raising detection precision. 

[0106] The image sensing apparatus in accordance 

with the second embodiment makes it possible to 
perform shake correction with high precision and at a 
low cost without additionally providing an 
arrangement of correcting a detection error due to a 
temperature change and without providing a 
complicated circuit configuration, which have been 
required in the conventional image sensing apparatus. 
[0107] In this embodiment, shake correction is 

performed by driving the shake correction optical 
system 26. The invention is not limited thereto. As 
an altered form, shake correction may be carried out 
by driving an image sensor (CCD sensor) of sensing an 
object image, or by processing image data picked up 
by the image sensor. 

[0108] In the second embodiment, a temperature- 

dependent sensitivity variation of the pitch gyro 
unit 11 and the yaw gyro unit 12 is corrected. The 
invention is not limited thereto. Alternatively, 
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solely a temperatur e - dependent sensitivity variation 
of the pitch gyro unit 11 may be corrected. 
Specifically, since a shake in pitch direction is 
generally larger than a shake in yaw direction, a 
sufficient detection precision can be secured by 
correcting solely a temperatur e - dependent sensitivity 
variation of the pitch gyro unit 11 for detecting a 
shake of a camera in pitch direction. In such an 
altered case, it is possible to provide a temperature 
sensor 13 in vicinity of the pitch gyro unit 11, in 
place of providing the temperature sensor 13 in 
vicinity of the pitch gyro unit 11 and the yaw gyro 
unit 12, and the sensitivity correcting section 10 
may correct merely a temperature - dependent 

sensitivity variation of the pitch gyro unit 11. 
With such an altered arrangement, since merely the 
sensitivity of the output signal from the pitch gyro 
unit 11 is corrected based on the temperature data 
outputted from the temperature sensor, the circuit 
arrangement can be simplified as well as the signal 
processing, as compared with the case of correcting 
the sensitivities of the output signals outputted 
from the pitch gyro unit 11 and the yaw gyro unit 12. 
[0109] As mentioned above, the temperature sensor 

13 detects the temperatures of the pitch gyro unit 11 
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and the yaw gyro unit 12 as temperature data. The 
sensitivity correcting section 10 corrects the 
sensitivities of the output signals outputted from 
the pitch gyro unit 11 and the yaw gyro unit 12 based 
on the temperature data outputted by the temperature 
sensor 13, 

[0110] Thus, correction can be performed in 

compliance with t emper at ure - dependent sensitivity 
variations of the pitch gyro unit 11 and the yaw gyro 
unit 12 in response to the output signals from the 
pitch gyro unit 11 and the yaw gyro unit 12. This 
arrangement makes it possible to perform shake 
correction with high precision and at a low cost. 
[0111] Further, the correction coefficient is 

determined by referring to the corresponding lookup 
table storing correction coefficients to cancel a 
variation in sensitivity in correlation to the 
temperature data, and the variation of the output 
signal outputted from at least one of the pitch gyro 
unit 11 and the yaw gyro unit 12 is corrected based 
on the determined correction coefficient. With this 
arrangement, a temperature - dependent sensitivity 
variation can be corrected easily by detecting the 
temperatures of the pitch gyro unit 11 and the yaw 
gyro unit 12, and a shake correction can be performed 
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with high precision and at a low cost. 

[0112] As described above, the horizontal- 

direction shake detecting sensor detects a shake of 
the image sensing apparatus in yaw direction, and the 
vertical-direction shake detecting sensor detects a 
shake of the image sensing apparatus in pitch 
direction. The shake of the image sensing apparatus 
is corrected based on an output signal from the 
horizontal-direction shake detecting sensor and an 
output signal from the vert ical - direct ion shake 
detecting sensor. The sensor having a higher 

precision in shake detection is used as the vertical- 
direction shake detecting sensor. 

[0113] In the image sensing apparatus constructed 

such that a shake amount of the apparatus in pitch 
direction is large than that in yaw direction, the 
sensor having a higher precision in shake detection 
is used as the vert ical - direct ion shake detecting 
sensor. This arrangement can eliminate an additional 
arrangement for correcting a measurement error due to 
a temperature change, which has been required in the 
conventional arrangement, and can perform shake 
correction with high precision and at a low cost 
without making a circuit configuration complicated, 
which has been necessary in the conventional 
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arrangement . 

[0114] The horizontal-direction shake detecting 

sensor detects a shake of the apparatus in yaw 
direction, and the vert ical - direction shake detecting 
sensor detects a shake of the apparatus in pitch 
direction. The shake of the image sensing apparatus 
is corrected based on an output signal from the 
horizont al - direct ion shake detecting sensor and an 
output signal from the vert ical - direct ion shake 
detecting sensor. The sensor having a smaller 

temperature - dependent sensitivity variation is used 
as the vertical-direction shake detecting sensor. 
[0115] In the image sensing apparatus constructed 

such that a shake amount of the apparatus in pitch 
direction is large than that in yaw direction, the 
sensor having a smaller temper ature - dependent 
sensitivity variation is used as the vertical- 
direction shake detecting sensor. This arrangement 
can eliminate an additional arrangement for 
correcting a measurement error due to a temperature 
change, which has been required in the conventional 
arrangement, and can perform shake correction with 
high precision and at a low cost without making a 
circuit configuration complicated, which has been 
necessary in the conventional arrangement. 
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[0116] Since the driving frequencies of the 

horizontal-direction shake detecting sensor and the 
vertical-direction shake detecting sensor are 
differentiated from each other. Accordingly, in the 
case that oscillating gyros each having a 
piezoelectric element are used as the horizontal- 
direction shake detecting sensor and the vertical- 
direction shake detecting sensor respectively, 
resonance due to the two sensors can be prevented. 
[0117] The temperature sensor detects the 

temperature of at least one of the horizontal- 
direction detecting sensor and the vertical- direction 
detecting sensor, and the output signal correcting 
section corrects the output signal from at least one 
of the horizontal-direction shake detecting sensor 
and the vertical-direction shake detecting sensor 
based on the detection result (temperature data) from 
the temperature sensor. 

[0118] In the above arrangement, performed is 

correction to compensate for the variation in the 
output signal from at least one of the horizontal- 
direction shake detecting sensor and the vertical- 
direction shake detecting sensor. This arrangement 
makes it possible to perform shake correction with 
high precision and at a low cost. 
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[0119] Further, the correction coefficient is 

determined by referring to the lookup table storing 
the correction coefficients to correct the output 
signal variation due to the sensitivity variation in 
correlation to the temperature data, and the 
variation in the output signal from at least one of 
the horizontal-direction shake detecting sensor and 
the vert ical - direct ion shake detecting sensor is 
corrected based on the determined correction 
coefficient. With this arrangement, the output 

signal variation due to the variation in the 
sensitivity can be easily corrected by detecting the 
temperature of at least one of the horizontal- 
direction shake detecting sensor and the vertical- 
direction shake detecting sensor to thereby perform 
shake correction with high precision and at a low 
cost . 

[0120] As the invention may be embodied in several 

forms without departing from the spirit of essential 
characteristics thereof, the present embodiment is 
therefore illustrative an not restrictive, since the 
scope of the invention is defined by the appended 
claims rather than by the description preceding them, 
and all changes that fall within metes and bounds of 
the claims, or equivalence of such metes and bounds 
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are therefore intended to embraced by the claims. 
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